The dinuclear arene ruthenium complexes [RuCl 2 {C 6 H 5 (CH 2 ) 3 OCO-p-C 6 H 4 -OC 8 H 17 }] 2 (1) and [RuCl 2 {p-C 6 H 4 (CH 2 COOCH 2 -CH 3 ) 2 }] 2 (2) have been obtained by dehydrogenation of the corresponding cyclohexadiene derivative with ruthenium chloride hydrate. The single-crystal X-ray structure analysis of 2 shows the arene ligands to be involved in slipped-parallel p-p stacking interactions with neighbouring molecules, thus forming infinite chains along the b-axis. The dinuclear complexes 1 and 2 react with two equivalents of triphenylphosphine (PPh 3 ) to give in excellent yield the corresponding mononuclear phosphine complexes [RuCl 2 {C 6 H 5 -(CH 2 ) 3 OCO-p-C 6 H 4 -OC 8 H 17 }(PPh 3 )] (3) and [RuCl 2 {p-C 6 H 4 (CH 2 COOCH 2 CH 3 ) 2 }(PPh 3 )] (4), respectively. The single-crystal X-ray structure analysis of 4 reveals the formation of a dimer through two C-HÁ Á ÁCl interactions in the solid state.
Introduction
The introduction of functionalised arene ligands in arene ruthenium complexes has been motivated mainly by the possibility of using the functionalised side-chain as coordinating group: examples of chelating side-chains at arene ligands include amines [1] , alcohols [2] , arsines [3] , carboxylic acids [4] , thioethers [5] , and phosphines [6] . However, few examples of functionalised arene ruthenium complexes with non-chelating side-chains are known, they have found applications in arene exchange [6a] , electrochemistry [7] , polymerisation [8] , peptide labelling [4] or resolution of racemates [9] . Therefore, we were interested in the synthesis of mono-and di-functionalised arene ruthenium complexes containing ester substituents as potential entry to the synthesis of metal containing liquid crystals.
Herein, we report the synthesis and molecular structure of new functionalised dinuclear arene ruthenium complexes containing ester substituents [RuCl 2 {C 6 H 5 (CH 2 ) 3 (4), respectively. The potential mesomorphism properties of 1 and 3 are discussed, and the single-crystal X-ray structure analyses of 2 and 4 are presented.
Results and discussion
Two different strategies are used to form functionalised dinuclear arene ruthenium complexes containing ester substituents. Both imply an esterification reaction, in which the esterification is done either prior to the coordination of the arene ligand (1), or simultaneously with the coordination of the arene ligand (2), see Scheme 1. [4] . Compounds 1 and 2 are air-stable orange solids, which have been unambiguously characterised by 1 H NMR, infrared and mass spectrometry.
The single-crystal X-ray structure analysis of 2 shows the ruthenium atoms to be in a distorted octahedral geometry, surrounded by the diethyl 2,2 0 -(1,4-phenylene)diacetate ligand, a terminal chlorine atom and two bridging chlorine atoms. Selected bond lengths and bond angles are given in the caption of Fig. 1 . The tethered arms point away from the aromatic plane and the metrical parameters around the metallic cores compare well with those of similar dinuclear arene ruthenium [RuCl 2 (arene)] 2 complexes [6a,12] . The OCO bond angles of the two carboxylato pendants [123.9(4)°and 124.3(4)°] differ only slightly from those observed in other functionalised arene ruthenium complexes with ester substituents [6a,6i,8b,13] .
The packing arrangement in the crystal is quite interesting. Despite the presence of two side-arms, slipped-parallel p-stacking interactions are observed involving the phenyl rings of the arene ligands. The p-stacking interacting systems form a series of one-dimensional supramolecular multimers along the b-axis, see Fig. 2 . The distance observed between the p-p interacting systems (centroidÁ Á Ácentroid 4.21 Å ) is slightly longer than the theoretical value calculated for this stacking mode [14] .
The dinuclear ruthenium complexes 1 and 2 react with two equivalents of PPh 3 in dichloromethane to give in excellent yield the mononuclear triphenylphosphine complexes [RuCl 2 {C 6 H 5 (CH 2 ) 3 (2), displacement ellipsoids are drawn at the 50% probability level and the hydrogen atoms are omitted for clarity. Selected bond lengths (Å ) and bond angles (°): [15] which show signals at 28.6 and 24.0 ppm, respectively. Compound 4 is an orange air-stable crystalline substance, the single-crystal X-ray analysis of which shows the expected molecular structure, see Fig. 3 .
Two neighbouring molecules form in the solid state a weak hydrogen-bonded dimer, see Fig. 4 . The Cl-C distances of the hydrogen bonds are, respectively, 3.393(9) and 3.613(9) Å , with C-HÁ Á ÁCl angles of 159.0°and 134.3°. The total distance between the two ruthenium atoms is 5.547(2) Å .
The thermal behaviour of 1 and 3 has been studied in view of possible mesomorphic properties. However, both complexes decompose without apparition of liquid crystalline phases. The orange compound 1 decomposes at 205°C to give a black solid. In the case of 3, the decomposition occurs at lower temperature (155°C) and is accompanied by the emergence of dark red bubbles in a liquid phase, suggesting cleavage of the tethered ester chain and formation of a ruthenium compound which is then soaked in the organic liquid phase.
Experimental

General
All organic solvents were degassed and saturated with nitrogen prior to use. 4-(Octyloxy)benzoic acid was purchased from Acros Organics and ruthenium chloride hydrate was generously given by Johnson Matthey. 3-(Cyclohexa-1,4-dienyl)propan-1-ol [2b] and cyclohexa-1,4-diene-1,4-dicarboxylic acid [16] were prepared according to published methods. NMR spectra were recorded on a Varian 200 MHz spectrometer. IR spectra were recorded on a Perkin-Elmer 1720X FT-IR spectrometer (4000-400 cm À1 ). Microanalyses were performed by the Laboratory of Pharmaceutical Chemistry, University of Geneva (Switzerland). Electro-spray mass spectra were obtained in positive-ion mode with an LCQ Finnigan mass spectrometer. 
Ru
Syntheses
Synthesis of 3-(cyclohexa-1,4-dienyl)propyl-4-(octyloxy)benzoate
A solution of 4-(octyloxy)benzoic acid (1.8 g, 7.2 mmol), N,N-dicyclohexylcarbodiimide (2.24 g, 10.9 mmol), 4-(dimethylamino)pyridine (1.32 g, 10.8 mmol) and (cyclohexa-1,4-dienyl)propan-1-ol (1.0 g, 7.2 mmol) in CH 2 Cl 2 (80 mL) was stirred under nitrogen at room temperature during 3 days. The resulting solution was filtered through Celite to remove N,N-dicyclohexylurea, and the filtrate was concentrated under reduced pressure. A chromatogram of the residue was recorded on a silica gel column, eluting with hexane/CH 2 Cl 2 (1:1). The pure product was isolated from the first fraction, giving 3-(cyclohexa-1,4-dienyl)propyl-4-(octyloxy)benzoate as a white solid. Yield: 2.54 g (95% To a solution of ruthenium trichloride hydrate (1.2 g, 4.9 mmol) in ethanol (40 mL) was added 3-(cyclohexa-1,4-dienyl)propyl-4-(octyloxy)benzoate (18.0 g, 49.0 mmol), and the mixture was refluxed for 12 h. The orange precipitate was filtered, washed with ether, and dried under vacuum to give 1. Yield: 2.44 g (93% To a solution of ruthenium trichloride hydrate (1.0 g, 4.1 mmol) in ethanol (40 mL) was added cyclohexa-1,4-diene-1,4-dicarboxylic acid (6.80 g, 40 mmol), and the mixture was refluxed overnight. The orange precipitate was filtered, washed with ether, and dried under vacuum to give 2. Yield: 1.55 g (90% (d, 2H), 7.80 (m, 6H), 7.39 (m, 9H), 6.93 (d, 2H), 5.31 (d, 2H), 5.21 (dd, 2H), 4.62 (t, 1H), 4.37 (t, 2H), 4.04 (t, 2H) 
X-ray crystallography
Single-crystals of 2 and 4 were mounted on a Stoe Image Plate Diffraction system equipped with a / circle goniometer, using Mo Ka graphite monochromated radiation (k = 0.71073 Å ) with / range 0-200°, D max -D min = 12.45-0.81 Å , increment of 1.8°and 1.2°, respectively. The structures were solved by direct methods using the program SHELXS-97 [17] . The refinement and all further calculations were carried out using [18] . In all compounds the hydrogen atoms have been included in calculated positions and treated as riding atoms using the SHELXL default parameters. All non-H atoms were refined anisotropically, using weighted full-matrix least-square on F 2 . Crystallographic details are summarised in Table 1 [20] .
